realized by the antenna engineers and researchers to create new and effective triangular microstrip patch designs, with compact size and high-directivity based on the Sierpinski fractal presented in [2] and a dual-frequency antenna based on the Sierpinski fractal with two parasitic patches to enhance the impedance bandwidth, reported by [3] . The use of a single patch antenna is often insufficient to meet the imposed radiation constraints. Specific characteristics, such as a high gain, a conformal lobe can usually be obtained by grouping multiple radiating elements to form an antenna array. The printed array antennas are constituted by radiating elements connected to each other by sections of micro-strip line. The antenna elements operate at the same frequency and are disposed periodically in one or more directions. The array antennas are currently used in many applications; space telecommunications radar systems and radio control of missiles; and can have different shapes: linear arrays or planar arrays (two-dimensional) [4] .
Many investigations are reported to use the triangular patches as an array antenna [5] [6] . In these designs, the radiated elements are generally arranged in the linear or rectangular forms. However, this antenna configuration array presents the disadvantage that the size of the structure is very large. In [7] , an undersampled high directivity microstrip patch array with a reduced number of radiating elements inspired on the Sierpinski fractal is presented. In this paper, we present a compact triangular antenna array with circular arrangement. The proposed structure is analyzed using a rigorous method in spectral domain. 
II. SOLUTION OF SINGLE TRIANGULAR PATCH
The formulation of the equation (2) in the spectral domain leads to the following matrix form:
12 11
where G 11 (,,),…, G 22 (,,) are the Green functions of the problem, and equation (3) is the final equation of the problem. By applying of the Galerkin technique, this equation is converted into a system of linear and homogeneous equations, such as [5] :
The coefficients are formulated as follows [5] :
The compact form of the system (4) is
The resulting system of equation (6) is homogeneous; the significant solutions are obtained when
We calculate the resonant frequency ω which is the unknown of the problem. By examining the equations (5), we can observe that the coefficients are complex, because in these equations parameters α and β span the whole spectrum of modes (evanescent and propagating). So, the resonant frequencies computed should be complex too.
The real part is the actual resonant frequency and the imaginary part represents the losses by radiation.
Once the resonance frequency is determined, we can calculate the radiated field by the patch from equations (3), as follow
B. Basis Functions Choice
In this work we have opted for the basis functions of equilateral patch proposed by W.Chen, K. F.
Lee and J. S. Dahele in [9] : factor (EF) and the array factor (AF): (EF) × (AF). The AF depends on the geometric arrangement of the array elements, the spacing of the elements, and the electrical phase of each element [10] . This factor is given by:
where α is the array radius and n  is the angular location of each element. The center of the triangular patch is situated at a distance equal to the radius of the circular array with the phase angle n  , each element has an associated phase n  .
IV. NUMERICAL RESULTS AND DISCUSSIONS
The above mathematical model is implemented in FORTRAN program, and the obtained results are presented in terms of resonant frequencies and the radiations patterns for the single triangular patch.
Then, the total radiation patterns of the circular array antenna is calculated in MATLAB. Figure 3 shows the resonant frequency variation of an equilateral patch triangle. From this figure, it is clear that when the dimensions of the patch increase the resonant frequency decreases and the results of our computation are very close to those obtained by [11] . Our results Lee [11] From Table I , we note that by going from one mode to the higher one, the resonance frequency values increase. In addition, our calculations give resonant frequencies close to the measured and calculated results reported in the literature [12] [13] . In Table II , the area of square patch is (40mm x 40mm) and the length side of the equilateral patch is a=41mm. It is clear that when the area reduction of different shapes decreases the resonant frequency decreases. a=1cm, h=0.159cm and ε r =2.32. Figure 4 shows the calculated radiation patterns of an equilateral patch antenna for different modes. According to the three radiation patterns obtained, it can be noted that from one mode to a higher one, the radiated field shape changes and become broader and less directive than the fundamental mode (TM 10 ) of the antenna. In other words, the operating frequency of the antenna affects the radiated field.
A. Single Patch Antenna

B. The Circular Form for the Triangular Array Antennas
In the following, the dimensions of equilateral patch antennas are: a=1cm, h=0.159cm and ε r =2.32. 
 The effect of spacing between elements d
In this case, we note that when the distance between elements decreases the main lobe becomes more important and the side lobes decrease, as illustrated in Fig. 7 . 
